Comment on "Effective confining potential of quantum states in disordered media" [Phys. Rev. Lett. 116, 056602 (2016)]
In the letter [1] , the inverse of the landscape function u(x) introduced in [2] was shown to play the role of an effective potential. This leads to the following estimation of the integrated density of states (IDoS), in 1D,
We consider here two disordered models for which we obtain the distribution of u(x) and argue that the precise spectral singularities are not reproduced by (1) .
Pieces model.-We consider the Schrödinger Hamiltonian H = −d 2 /dx 2 + n v n δ(x − x n ), where the positions of the δ potentials are independently and uniformly distributed on [0, L] with mean density ρ. The landscape function, which solves Hu(x) = 1, is thus parabolic on each free interval. The limit v n → +∞ where intervals between impurities decouple is known as the "pieces model", with IDoS per unit length given by [3] . We compare it with (1) . Assuming now ordered positions,
We first study its distribution P (u) = δ(u − u(x) . The disorder average can be replaced by a spatial average,
where K ν (z) is the MacDonald function. Denoting by θ H (x) the Heaviside function, we can now deduce the estimate N ADJMF (E) = (1/π) E − 1/u θ H (E − 1/u) :
with k = √ E. This form is appropriate to analyze limiting behaviours. For k ρ, we get N ADJMF (k 2 ) k/π, as it should. For low energy, k ρ, one gets N ADJMF (k 2 ) (k/2) exp{− √ 8ρ/k}, which is a rather poor approximation of the Lifshitz tail N (k 2 ) ρ exp{−πρ/k} : the coefficient in the exponential is underestimated and the pre-exponential function incorrect, thus overestimating the IDoS by an exponential factor. 
Supersymmetric quantum mechanics.-We consider the
We study u(x) = 
In the inset of Fig. 1 , we plot the result of a numerical simulation for µ < 0 for one realization of the disorder. We also plot ln u(x) , which is uniform in the bulk (while for µ > 0, it grows linearly, ln u(x) µ gx + cst). We first discuss the term u > (x) = L x dy G(x, y) of (4), which is the product of two independent exponential functionals of the BM u > (x)
is ∼ e 2n(n−µ)L [5] , thus u > (x) n ∼ exp 1 2 n 2 g(L+3x)+n µ g(L+x) , which suggests a log-normal tail. For µ 0, there is no limit law and u > (x) grows exponentially, hence the bound of the landscape approach is useless. For µ < 0, 1/Z (−µ) ∞ is distributed by a Gamma law [5] and we get the exact distribution of u > (x) for x & L − x → ∞ :
(5) u < (x) = x 0 dy G(x, y) should have the same statistical properties, as confirmed numerically. Although u > (x) and u < (x) are correlated, the distribution of their sum is expected to present the same power law tail P (u) ∼ u −1−|µ| , what we checked numerically (Fig. 1) . The numerical simulations have also shown that, for boundary conditions ψ(0) = ψ(L) = 0, the same distribution P (u) is obtained, independently of the sign of µ in this case. arXiv:2001.01310v1 [cond-mat.dis-nn] 5 Jan 2020
